Introduction
A method for the rapid and unequivocal identification of intracellular loops in a eukaryotic cell system has, however, Multispanning transmembrane proteins can be divided into been unavailable. several classes: helix bundle proteins have been detected in We have recently investigated the topology determinants of the membranes of all organisms, whereas β-barrel proteins the G protein-coupled vasopressin V2 receptor (Schülein et al. , have been found so far only in the outer membranes of Gram1996a) . Although this was not a systematic study, we suggested negative bacteria. Other types of membrane proteins such as that the LacZ gene fusion system originally developed for the nicotinic actetylcholine receptor are likely to be composed E.coli might also serve to localize cytoplasmic loops of of a mixture of α-helices and β-barrels (Unwin, 1993; Görne- membrane proteins in eukaryotic cells. Here we describe the Tschelnokow et al., 1994) . The structural analysis of multisystematic use of LacZ fusions for this purpose. As a model spanning membrane proteins is an important and formidable protein we have chosen the vasopressin sensitive water channel task. Their low expression levels, even in recombinant systems, of the rat (AQP2). The first characterized water channel protein complicate the isolation of substantial amounts of protein.
Crystallization and high-resolution X-ray diffraction analysis was AQP1 (CHIP28). For this protein, a topological model with six transmembrane domains was proposed from hydropathy of 50 µg/ml. The method used for cell fractionation is based on that of Koshland and Botstein (1980) . A 50 ml volume of analysis (Preston and Agre, 1991) and from epitope insertion mutagenesis (Preston et al., 1994) . Recent electron crystallodYT medium supplemented with 50 µg/ml ampicillin was inoculated with 1 ml of an overnight culture of an E.coli graphic data support a model with six, most probably helical, transmembrane domains, although mixed α/β domains (Mitra CC118 clone and grown at 37°C for 3 h with aeration. Cells were induced with IPTG (1 mM final concentration) and grown et al., 1995) or additional membrane-asssociated segments of undefined structure (Jap and Li, 1995; Walz et al., 1995) may for 1 h at 37°C with aeration. Bacteria were harvested (10 min, 8000 g, 4°C) and resuspended in 2.25 ml of ice-cold osmotic be possible. For AQP2, a six transmembrane domain model was also proposed from hydropathy analysis (Fushimi et al., shock buffer (100 mM Tris-HCl, 0.5 mM EDTA, 500 mM sucrose, pH 8.0) supplemented with 0.5 mM PMSF, 0.5 mM 1993). In addition, a recent study with N-glycosylation tags has localized the extracellular loops, showing that AQP2 most benzamidine, 3.2 µg/ml trypsin inhibitor and 1.4 µg/ml aprotinin. After addition of 250 µl of lysozyme solution (1 mg/ml probably does possess six transmembrane domains and has intracellular N-and C-termini (Bai et al., 1996) . The AQP2 shock buffer) and 2.25 ml of ice-cold H 2 O, cells were incubated for 1 h on ice to allow the formation of spheroplasts. The model with six transmembrane segments was the basis of our study. By introducing the LacZ-gene fusion methodology to spheroplast suspension was supplemented with 200 µl of MgCl 2 (500 mM) and centrifuged at 10 000 g for 10 min at eukaryotic cell systems we have localized the cytoplasmic loops of AQP2 and obtained data supporting the model of 4°C. The supernatant was removed and spheroplasts were resuspended in 5 ml of lysis buffer (10 mM Tris-HCl, 0.5 mM Fushimi et al. (1993) and Bai et al. (1996) . PMSF, 0.5 mM benzamidine, 3.2 µg/ml trypsin inhibitor, 1.4 µg/ml aprotinin, pH 8.0). Cell lysis was completed by Materials and methods sonication (5ϫ3 s) and the lysate was centrifuged at 150 000 g Materials for 1 h at 4°C. The supernatant was removed and the membrane Lipofectin, the Superscript Kit and Taq-Polymerase were pellet was washed twice with 5 ml of lysis buffer and finally obtained from Gibco BRL (Eggenstein, Germany), restriction resuspended in 0.5 ml of lysis buffer. enzymes from New England Biolabs (Schwalbach, Germany)
PhoA and LacZ activity assays for E.coli CC118 clones and the RNAzol Kit from WAK-Chemie (Bad Homburg, Germany). Vectors pCRII and pCDNAI.Neo were purchased
The PhoA and LacZ activity assays are based on the protocols from Invitrogen (Leek, The Netherlands) and pTRC99A from of Brickman and Beckwith (1975) and Miller (1972) , respectPharmacia (Freiburg, Germany). Nonoethylene glycol octylively. The assays were carried out with 50 µl membranes phenyl ether (NP40) was obtained from Calbiochem (Bad obtained from the fractionation procedure described above Soden, Germany). Ampicillin, aprotinin, benzamidine, isopro-(each sample corresponding to 120 µg of membrane protein).
To determine PhoA activity, samples were supplemented actopyranoside (ONPG), phenylmethylsulphonyl fluoride with 850 µl of 1 M Tris-HCl (pH 8.0), 50 µl of chloroform (PMSF), p-nitrophenyl phosphate (PNPP) and trypsin inhibitor and 50 µl of 0.1% SDS. Reactions were started by the addition were supplied by Sigma (Munich, Germany). The ECL imof 100 µl of PNPP solution (5 mg/ml in 1 M Tris-HCl, 5 mM munoblot detection kit was obtained from Amersham MgCl 2, pH 8.0), incubated for 30 min at 28°C and stopped (Braunschweig, Germany). All other reagents were purchased with 100 µl of 1 M KH 2 PO 4 ; the A 420 of the aqueous phase from Merck (Darmstadt, Germany). The polyclonal rabbit antiwas measured after brief centrifugation. PhoA antibody has been described (Schülein et al., 1992) ; the To determine LacZ activity, samples were supplemented monoclonal anti-LacZ antibody was obtained from Promega with 850 µl of Z-buffer (60 mM Na 2 HPO 4 , 40 mM NaH 2 PO 4 , (Heidelberg, Germany). Peroxidase-conjugated anti-rabbit IgG 10 mM KCl, 1 mM MgCl 2 , 50 mM β-mercaptoethanol, and 125 I-labelled anti-rabbit IgG (28-111 TBq/mmol) were pH 7.0), 50 µl of chloroform and 50 µl of 0.1% SDS. Reactions supplied by Dako (Clostrup, Denmark) and Amersham were started by the addition of 200 µl of ONPG solution (4 (Braunschweig, Germany), respectively. E.coli CC118 has mg/ml in 100 mM K 2 HPO 4 , pH 7.0), incubated for 15 min at been described (Manoil and Beckwith, 1985) . The PhoA gene 28°C and stopped with 500 µl of 1 M Na 2 CO 3 ; the A 420 of the was derived from a fusion to the vasopressin V2 receptor aqueous phase was measured after centrifugation. cDNA (Schülein et al., 1996a) Sambrook et al. (1989) . The nucleotide (PBS supplemented with 0.5 mM PMSF, 0.5 mM benzamidine, sequences of DNA fragments were determined with the Ampli-3.2 µg/ml trypsin inhibitor, 1.4 µg/ml aprotinin). For lysis, Taq DNA sequencing kit from Perkin-Elmer (Weiterstadt, cells were sonicated on ice (2ϫ2 s); intact cells and larger Germany).
debris were removed by brief centrifugation at 250 g. The Cell culture and manipulations of COS.M6 cells supernatant was centrifuged at 150 000 g for 1 h at 4°C to collect the membranes. The membranes were washed with Cell culture and transfection with plasmid DNA were carried 1 ml of PBSI and resuspended in 500 µl of PBSI. out as described (Schülein et al., 1996b) .
PhoA and LacZ activity assays for COS.M6 cells Growth conditions and cell fractionation of E.coli CC118
E.coli CC118 was cultivated in dYT medium (16 g/l bactoFor COS.M6 cells, the fractionation procedure yielded 500 µl membranes (100 µg membrane proteins) from a 35 mm peptone, 10 g/l yeast extract, 5 g/l NaCl) or on dYT agar plates at 37°C. Ampicillin was used at a final concentration diameter dish (see above).
To determine PhoA activity, samples were supplemented 5Ј primer was P(NcoI) (5Ј-GCAGAAGTCGGAGCACCAT-GGGGGAACTCA-3Ј), introducing a unique NcoI site overlapwith 400 µl of 1 M Tris-HCl (pH 8.0), 50 µl of chloroform and 50 µl of 0.1% SDS. Reactions were started by the addition ping the AQP2 start codon. The 3Ј primers introducing unique BamHI sites were complementary to C-terminal truncated AQP2 of 100 µl of PNPP solution (see above), incubated for 2 h at 28°C and stopped with 100 µl of 1 M KH 2 PO 4 ; the A 420 was cDNA sequences [P(BamHI)40, 5Ј-CCACGGCGATCTGGGG-ATCCGAGGGTGGGGAG-3Ј; P(BamHI)77, 5Ј-GGAAGGAmeasured after centrifugation.
To determine LacZ activity, samples were supplemented GACATGGGGATCCACCAGGCATGCC-3Ј; P(BamHI)119, 5Ј-GGCGTTGTTGTGGGGATCCTTGACAGCCAGG-3Ј; with 400 µl of Z-buffer (see above), 50 µl of chloroform and 50 µl of 0.1% SDS. Reactions were started by the addition of P(BamHI)153, 5Ј-GGGCTACCCAGGTTGGGATCCCGGCG-CTC-3Ј; P(BamHI)189, 5Ј-CAGTGACAACTGCTGGATCC-200 µl of ONPG solution (see above), incubated for 2 h at 28°C and stopped with 500 µl of 1 M Na 2 CO 3 ; the A 420 was AGGGAGCGGGC-3Ј; P(BamHI)-270, 5Ј-CTGCAGGGGA-GCTGGATCCTTGCTGCCGCG-3Ј]. The BamHI sites were the measured after centrifugation.
in frame fusion sites for the reporter enzyme portions and were Immunoblots located in the coding sequence of putative cytoplasmic or external The fusion proteins were separated by SDS-PAGE (10% loops ( Figure 1B ). The NcoI/BamHI-cleaved PCR fragments acrylamide for PhoA fusions, 9% for LacZ fusions) and blotted were cloned into the NcoI/BamHI-cut E.coli expression vector on to nitrocellulose filters as described (Khyse-Andersen, pTRC99A. In the resulting constructs, the AQP2 fragments were 1984).
under the control of the vector promoter (IPTG-inducible trc To detect PhoA fusions in the membranes of E.coli and promoter) and ribosome-binding site (8 bp upstream of the AQP2 COS.M6 cells, filters were blocked for 1 h with blocking start codon). buffer (10 mM Tris-HCl, 0.9% NaCl, 0.01% NaN 3 , 1% casein, In order to fuse LacZ to the truncated AQP2 sequences, the 1% gelatine, pH 7.2), then supplemented with rabbit antiLacZ gene of E.coli was isolated from the plasmid pRSZ16 PhoA (dilution 1:2000) and incubated for 2 h at room temper- (Schülein et al., 1992) as a BamHI fragment and inserted in ature. Filters were washed (5ϫ10 min) with TNA (10 mM frame into the BamHI-cut plasmids described above, leading to Tris-HCl, pH 7.2, 0.9% NaCl, 0.01% NaN 3 ) and (1ϫ5 min) plasmids pPROWC40.LacZ, pPROWC77.LacZ, pPROWwith TNA supplemented with 0.05% NP40. Anti-rabbit 125 I C119.LacZ, pPROWC153.LacZ, pPROWC189.LacZ and IgG (final concentration 1 µg/ml and 1 µCi/ml) was added pPROWC270.LacZ; the numbers of the plasmids indicate the and the filters were incubated for 2 h at room temperature.
C-terminal amino acid of AQP2 in the resulting fusion proteins The filters were washed with TNA (6ϫ5 min) and with TNA ( Figure 1B ). supplemented with 0.05% NP40 (3ϫ5 min), dried and exposed For the corresponding PhoA fusions, the PhoA gene from to X-ray film (2 days). plasmid pEUV367.PhoA (Schülein et al., 1996a) was inserted To detect LacZ fusions in the membranes of E.coli, the as a BamHI/XbaI fragment. The resulting plasmids were filters were blocked for 1 h with PBS, 0.5% Tween 20. Mouse pPROWC40.PhoA, pPROWC77.PhoA, pPROWC119.PhoA, anti-LacZ antibodies were added (1:1000 in PBS, 0.05% Tween pPROWC153.PhoA, pPROWC189.PhoA and pPROWC-20, 0.5% BSA) and the filters were incubated for 2 h at room 270.PhoA. temperature. The blots were washed (3ϫ10 min) with PBS, Construction of a COS.M6 cell expression system for AQP2-0.05% Tween 20, incubated with peroxidase-conjugated antiLacZ and AQP2-PhoA fusion proteins mouse IgG (1:1000 in PBS, 0.05% Tween 20, 0.5% BSA) for For the eukaryotic expression constructs, six equivalent PCR 1 h at room temperature, washed as described above and fragments were amplified ( Figure 1A ). Instead of p(NcoI) we stained with 4-chloro-1-naphthol and H 2 O 2 . used p(HindIII) (5Ј-CGCGCAGAAGTCGAAGCTTCATGTTo detect LacZ fusions in the membranes of COS.M6 cells, GGGAAC-3Ј) as a 5Ј-primer which introduced a unique HindIIIthe nitrocellulose sheets were blocked for 1 h in TBS-T site in front of the AQP2 start codon. The HindIII/BamHI-(0.1% Tween 20, 137 mM NaCl, 20 mM Tris-HCl, pH 7.6) cut PCR fragments were cloned into the HindIII/BamHI-cut supplemented with 5% low-fat dried milk. The filters were eukaryotic expression vector pCDNAI.Neo and the LacZ gene washed with TBS-T (1ϫ15 min, 3ϫ5 min), incubated with was inserted as a BamHI fragment as described above. The mouse anti-LacZ antibodies (1:1000 in TBS-T) for 30 min at resulting plasmids were pEUWC40.LacZ, pEUWC77.LacZ, room temperature and washed with TBS-T as described above.
pEUWC119.LacZ, pEUWC153.LacZ pEUWC189.LacZ and Peroxidase-conjugated anti-mouse IgG (1:1000 in TBS-T) was pEUWC270.LacZ ( Figure 1B ). In these constructs, the AQP2-added and filters were incubated for 1 h at room temperature.
LacZ fusion genes were under the control of the CMV promoter The blots were washed with TBS-T (1ϫ15 min, 4ϫ5 min), of the vector. The PhoA gene was derived from plasmid supplemented with the ECL detection mix, dried and immedipEUV367.PhoA (Schülein et al., 1996a) and was inserted as a ately exposed to X-ray film (1 min).
BamHI/XbaI fragment. The resulting plasmids were Cloning of AQP2 cDNA and construction of an E.coli pEUWC40.PhoA, pEUWC77.PhoA, pEUWC119.PhoA, pEexpression system for AQP2-LacZ and AQP2-PhoA fusions UWC153.PhoA, pEUWC189.PhoA and pEUWC270.PhoA Rat-kidney mRNA was isolated with the RNAzol Kit and ( Figure 1B ). reverse transcribed using the Superscript kit. A cDNA with the coding sequence of AQP2 (Fushimi et al., 1993) was PCRResults amplified (primer sequences 5Ј GTCGGAGCAGCATGTGExpression of AQP2-LacZ and AQP2-PhoA fusions in E.coli GGAACTCAGATCCATAG 3Ј and 5Ј GCGCCGTCGTTCC-CC118 GGACTCGAGGGGACGTC 3Ј), cloned into the vector pPCRII and sequenced.
Based on the predictions of the six transmembrane domain model of AQP2 ( Figure 1B) , we have constructed gene fusions For the the E.coli expression constructs, six AQP2 PCR fragments were amplified ( Figure 1A ). For each PCR reaction the of PhoA and LacZ to its putative external and cytoplasmic For the construction of an E.coli expression system, PCR fragments encoding variously truncated AQP sequences were amplified with P(NcoI) as a 5Ј primer and one of six different P(BamHI) 3Ј primers. The NcoI/BamHI cut fragments were cloned into the E.coli expression vector pTRC99A and the PhoA and LacZ genes were fused in frame using the BamHI sites. The cloning strategy for the COS.M6 cell expression system was analogous, but P(HindIII) was used as a 5Ј primer and the HindIII/BamHI fragments were cloned into the eukaryotic expression vector pCDNA/J.Neo1 prior to PhoA and LacZ fusion. (B) Six transmembrane domain model of AQP2. The model was adopted from Fushimi et al. (1993) . TMI-TMVI and A-E indicate the putative transmembrane domains and external/internal loops, respectively. The fusion sites of PhoA and LacZ to truncated AQP2 sequences in the eukaryotic (pEUWC series) and E.coli (pPROWC series) expression plasmids are indicated. Plasmid numbering refers to the C-terminal amino acid of AQP2 in the resulting fusion proteins. The circles indicate the two NPA motifs which were proposed to be involved in the channel architecture (Jung et al., 1994) .
loops. The aim of this study was to analyse AQP2 topology in PROWC77.PhoA, 55 kDa; PROWC119.PhoA, 60 kDa; PROWC153.PHOA, 63 kDa; PROWC189.PhoA, 67 kDa; E.coli and to extend the fusion protein system to eukaryotic cells. For expression in the prokaryotic system, E.coli CC118 PROWC270.PhoA, 76 kDa). A minor immunoreactive protein band was observed for all fusions, its molecular weight (47 was transformed with the fusion genes cloned in the bacterial expression vector pTRC99A (pPROWC series). Total membrane kDa) corresponding to that of mature PhoA. This band may derive from proteolysis of the fusion proteins either in vivo or fractions were isolated and assessed with enzymatic assays for membrane bound PhoA and LacZ activity. A positive PhoA during the cell fractionation procedure with subsequent release of the PhoA moiety, which is itself resistant to proteolytic phenotype should indicate a periplasmic loop, a positive LacZ phenotype a cytoplasmic loop. To exclude the possibility that degradation. Similar proteolytic processing leading to proteaseresistant mature PhoA was observed in previous studies (e.g. low PhoA and LacZ activity levels might arise from low protein expression or high degradation levels, the presence of all fusion Schülein et al., 1992; Henn et al., 1995) . The putative periplasmic fusions at amino acids 40, 119 and 189 of AQP2 proteins was verified with immunoblots with anti-PhoA and anti-LacZ antibodies.
showed high PhoA activity and the putative cytoplasmic fusions at amino acids 77 and 270 of AQP2 showed low PhoA activity For the PhoA fusions, immunoreactive bands of all six PhoA fusion proteins were detected in nearly equal amounts in ( Figure 2B ). The observed pattern of enzymatic activities of these five fusions correlates with the predictions of the six the membrane fractions (Figure 2A) . The apparent molecular weights of the fusion proteins were consistent with those transmembrane domain AQP2 model. However, the putative cytoplasmic fusion at amino acid 153 showed an unexpectedly calculated from their sequences (PROWC40.PhoA, 52 kDa; model over the entire AQP2 sequence. In the E.coli transport system, the putative transmembrane domain V might be only a weak internal signal sequence for membrane insertion which is high PhoA activity. Therefore, it is difficult to verify the unable to initiate the transport of the large LacZ enzyme portion periplasmic and cytoplasmic loops predicted by the model over into the hydrophobic environment of the membrane. the entire AQP2 sequence with PhoA fusions. In the E.coli Expression of AQP2-LacZ fusions in transiently transfected transport system, the putative transmembrane domain IV might COS.M6 cells be only a weak stop-transfer signal which is incapable of preventing PhoA export.
Previous studies suggested that the topogenic signals of multispanning transmembrane proteins in prokaryotic and eukaryotic For the LacZ fusions, all six fusion proteins were again detectable as immunoreactive bands in similar amounts in cells are related. Therefore, we tried to extend the PhoA and LacZ fusion protein system to eukaryotic cells. To this end, we the membrane fractions ( Figure 3A) . The apparent molecular weights of the intact fusion proteins were consistent with their cloned the fusion genes into the multifunctional eukaryotic expression vector pCDNA1.Neo under the control of the CMV sequence data (PROWC40.LacZ, 120 kDa; PROWC77.LacZ, 123 kDa; PROWC119.LacZ, 128 kDa; PROWC153. LacZ, 132 promoter (pEUWC series). COS.M6 cells were transiently transfected with the plasmids and total membrane fractions were kDa; PROWC189.LacZ, 135 kDa; PROWC270.LacZ, 144 kDa). The minor immunoreactive band (120 kDa) detectable for assessed with immunoblots and enzymatic assays for PhoA and LacZ fusion proteins. fusions PROWC119.LacZ, PROWC153.LacZ, PROW-C189.LacZ and PROWC270.LacZ seems to represent a proteoAll six PhoA fusion proteins were detectable in the immunoblot experiments and bands migrating with the expected moleculytic degradation product (see above), probably the released LacZ moiety. The putative cytoplasmic fusions at amino acids lar weights were detected (not shown). PhoA activity assays (not shown) revealed a negative phenotype for all six fusion 77, 153 and 270 of AQP2 showed high LacZ activity and the putative periplasmic fusions at amino acids 40 and 119 showed proteins, suggesting that the E.coli PhoA enzyme is not functional in eukaryotic cells. low LacZ activity ( Figure 3B ). The observed pattern of enzymatic activities of the these five fusions correlates with the For all six LacZ fusions, a single immunoreactive band with an apparent molecular weight of 114 kDa was detected predictions of the six transmembrane domain model. However, the putative periplasmic fusion at position 189 showed an ( Figure 4A ). The observed molecular weight corresponds to that of the LacZ portion of the the fusion proteins, suggesting a unexpectedly high LacZ phenotype. Again, it is difficult to verify the periplasmic and cytoplasmic loops predicted by the proteolytic cleavage of the intact fusion proteins in the N- 
a The pPROWC expression plasmids were used in E.coli CC118 and the pEUWC expression plasmids in COS.M6 cells (see Figure 1) . b Specific LacZ activities were calculated as A 420 /mg membrane protein/h (mean values of three experiments, Ϯ SD; n ϭ 3) from the experiments shown in Figures 3 and 4. ( Table I ). The lower specific activities in COS.M6 cells could be caused by lower expression levels and/or by the limitations of the transient transfection methodology whereby a significant proportion of the cells are not transfected. Our data show that the LacZ fusion protein system is suitable for verifying the cytoplasmic loops of membrane proteins in eukaryotic cells. Moreover, the reliability of the data appears higher when the fusion proteins are expressed in eukaryotic cells. In contrast to E.coli, no anomalies in fusion protein activity were observed.
Discussion
We have expressed AQP2-LacZ and AQP2-PhoA fusion proteins in E.coli CC118 and in eukaryotic COS.M6 cells. In the prokaryotic system, the activity patterns of PhoA and LacZ fusions at amino acids 40, 77, 119 and 270 correlated with the predictions of the six-transmembrane domain model (Fushimi et al., 1993 , Bai et al., 1996 . Fusions at amino acids 153 and 189, however, showed both high LacZ and high PhoA activity and make it difficult to verify the periplasmic and cytoplasmic loops predicted by the model over the entire AQP2 sequence with the PhoA/LacZ gene fusion system in E.coli. The most likely explanation of the combined PhoA/LacZ positive phenotype of the fusions at amino acids 153 and 189 can be derived loop E of AQP2 is not strictly fixed at one side of the membrane. Indeed, the NPA sequence motif is present in this hybrid; this sequence was proposed to be crucial for the channel forming terminal part of LacZ. The intact fusions were not detectable with our monoclonal LacZ antibody. However, the similar process according to the aquaporin hourglass model of Jung et al. (1994) . However, an explanation of the data based on the amounts of the degradation products suggest that the intact fusions had originally also been present in similar amounts. The functional properties of AQP2 domains appears unjustified because a LacZ active phenotype of the fusion at amino acid mechanism of the LacZ-fusion protein degradation is not known; we found no obvious proteolysis site in the N-terminal 189 was absent in the authentic eukaryotic transport system (see below). part of LacZ. In contrast to the PhoA system, membrane-bound LacZ activity was detectable ( Figure 4B ) and the activity In eukaryotic cells, the PhoA fusions showed no enzymatic activity. In E.coli active PhoA requires dimer formation via a pattern was entirely consistent with the predictions of the six transmembrane domain model. The putative external fusions at disulphide bond, a reaction which is possible in the periplasmic space but not in the cytoplasm. A possible explanation for the positions 40, 119 and 189 showed a low-activity phenotype whereas the putative internal fusions at positions 77, 153 and inactive PhoA phenotype in eukaryotic cells is that the protein disulphide isomerases of the ER are inefficient for PhoA 270 were highly active. The specific LacZ activities of the membrane fractions (A 420 /mg membrane protein/h) of these dimerization. In contrast, the LacZ fusion protein method was successful active fusions were 5-20-fold lower than those of E.coli in the eukaryotic system. The enzyme was active when fused and recently for the G-protein-coupled V2 vasopressin receptor (Schülein et al., 1996a) . For future work, it would be useful to to a putative cytoplasmic loop and enzyme activity was absent on fusion to a putative external region, indicating that the construct a vector which is suitable for the expression of LacZ fusions in both eukaryotic cells and in E.coli. With such a transport system of the ER membrane had attempted to export the enzyme portion into the ER lumen. The data from our plasmid, a multitude of active fusions could be generatedin vivo in E.coli CC170 by the highly efficient TnlacZ transposon fusions in COS.M6 cells correlate with the six transmembrane domain model over the entire AQP sequence. However, the system and identified by blue/white colony selection (Manoil, 1990) . After determination of the fusion site by DNA sequencing, presence of other membrane-associated segments as suggested by Jap and Li (1995) cannot be ruled out because the number the same plasmid could be used for the localization of cytoplasmic loops in eukaryotic cells. of LacZ fusions was limited and the fusion sites were consequently too widely separated to allow a finer discrimination. The problem of the fusion at amino acid 189 (showing a LacZapplied. We conclude that for the external fusions LacZ cleavage Walz,T., Typke,D., Smith,B.L., Agre,P. and Engel,A. (1995) Nature Struct. must occur after the cells attempt to export the enzyme portions, Biol., 2, 730-732. i.e. after LacZ is inactivated. As discussed above, this rapid Weiss,M.S., Abele,U., Weckesser,J., Welte,W., Schiltz,E. and Schulz,G.E. (1991) inactivation might be favoured in eukaryotic cells by the more Science, 254, 1627 Science, 254, -1630 cotranslational insertion into the ER-membrane. The difficulties Received September 12, 1996; revised January 22 1997; accepted January in detecting intact LacZ fusion proteins have been observed 30, 1997 even in the E.coli CC118 expression system (e.g. Henn et al., 1995) . The problem of LacZ cleavage might be overcome in future studies by identification and elimination of putative protease-sensitive sites in the N-terminal part of the LacZ enzyme portion.
Topological models of eukaryotic membrane proteins derived from glycosylation studies of external domains can be completed by the localization of cytoplasmic loops with LacZ fusions, as we have demonstrated here systematically for the AQP2 protein
